Background: We sought to investigate the characteristics and survival rate of patients with gastrointestinal stromal
Gastrointestinal stromal tumor (GIST) is a rare cancer of the digestive tract that accounts for 0.1%-3.0% of all gastrointestinal neoplasms, 10% of small-bowel tumors, and 10%-15% of all sarcomas [1] [2] [3] [4] . There are 5000 newly diagnosed cases per year in the USA. Although most of these cases are sporadic, there are reported syndromes of autosomal dominant hereditary GIST that result from inheritance of a germ-line KIT or platelet-derived growth factor receptor (PDGFR) mutation [5] . Additionally, there are predisposition syndromes in which affected individuals may develop GIST as well as other types of cancer. Examples include malignant peripheral nerve sheath tumor in neurofibromatosis [6] , paraganglioma and pulmonary chondroma in Carney's triad [7] , and paraganglioma in the Carney-Stratakis syndrome [8] . Recently, Agaimy et al. [9] found that the most common association with GIST is gastric carcinoma (47%), prostate cancer (9%), lymphoma/leukemia (7%), and breast cancer (7%). Au et al. [10] reported that GIST and papillary renal cell carcinoma may occur as familial tumors related to mutations in the proto-oncogenes c-MET and c-KIT. An association has been demonstrated between GIST and acute myeloid leukemia (AML) as well as chronic myelogenous leukemia [11] .
The clinical use of imatinib mesylate (imatinib), an oral inhibitor of the Kit receptor tyrosine kinase, has increased the survival of patients with metastatic GIST [12] . Due to the marked success of imatinib in both the adjuvant primary and the metastatic settings, many patients with GIST are treated with imatinib for many years. There are limited data as to the occurrence of additional malignancies after diagnosis of GIST in patients treated with imatinib. Thus, it is critical to investigate the prevalence and type of malignancies that develop before and after diagnosis in the era of increasing use of imatinib for GIST.
In this study, we used GIST. Furthermore, we have rigorously determined detailed patient demographics, histological type of all malignancies, and whether these additional cancers occurred before or after the diagnosis of GIST. Finally, we estimated the survival of patients with GIST with none, one, or multiple other primary tumors.
materials and methods patients
This study included 783 individuals who were confirmed to have the diagnosis of GIST at MDACC from 1995 to 2007. After institutional review board approval, we used medical records and tumor registry information to collect data on these patients. Synchronous cancers were defined as two or more tumors present or detected at the same time as the GIST. Whereas metachronous cancers were defined as tumors detected within a time interval of 1 year of GIST diagnosis and not considered to be metastases, invasion, or recurrence. All intra-abdominal or gastrointestinal tumors were reviewed to confirm that these were not metastatic GIST. Non-melanoma skin cancers such as basal and squamous cell carcinoma were not considered as a primary tumor as these are highly prevalent in this patient population and rarely influence survival. The patients were divided into four groups as per Duchateau and Stokkel [13] : group I (patients with GIST diagnosed before another malignancy), group II (patients with GIST diagnosed after another malignancy), group III (GIST as the only malignancy), and group IV (patients diagnosed with GIST and more than two other primary tumors).
statistical analysis
Patient characteristics between the groups were compared by chi-square test. Survival curves and rates were calculated by the Kaplan-Meier method [14] . Statistical analysis was carried out with STATA version 10 (STATA Corp., College Station, TX).
results

patient characteristics
Among the 783 diagnosed with GIST between 1995 and 2007, 159 (20.3%) patients were found to have one or more second malignancies diagnosed before or after their GIST. Since the date of diagnosis of the other primary cancer was not known in five patients with GIST having another primary, they were not included in the study. As a result, there were 154 patients with 186 additional malignancies. Table 1 describes the overall characteristics of patients with GIST. The age at diagnosis of GIST ranged from 17 to 91 years, with a mean and a median age at diagnosis of 56 and 57 years, respectively. Approximately 57% of the patients were male, with a male to female ratio of 1 : 3. The majority of the patients were Caucasian. About 67% of the patients received imatinib, whereas 33% did not receive imatinib or any KIT inhibitor since they were not living at the time these therapies became available. The stomach (50%) was the predominant primary site of occurrence of GIST. The tumor size ranged from 0.1 to 35 cm, with a median size of 7.5 cm. Approximately equal number of patients were distributed in the three size categories (<0.5, 5-10, and >10 cm).
additional primary malignancies in patients with GIST
A second primary tumor developed after the diagnosis of GIST in 32 patients (4.1%; group I), 97 patients (12.5%) had a previous malignancy (group II) in their history, and 629 patients (80.3%) had GIST as their only malignancy (group III). In 24 patients (3.1%), two or more additional cancers were found in addition to GIST (group IV); 10 patients had a history of two additional malignancies before GIST, whereas 5 patients were found to have two new cancers after a diagnosis with GIST; 5 patients had one primary before and one primary after diagnosis with GIST; and 1 patient was diagnosed with two primaries before GIST and one other primary developed after a finding of GIST. Surprisingly, one patient had a history of three primaries before a diagnosis of GIST and subsequently developed four other primaries after the diagnosis of GIST.
characteristics of patients with an additional primary malignancy
The patient characteristics of each group are given in Table 2 . There were more men than women in each group. Mean age at diagnosis of GIST was almost the same in groups I and II. Patients tended to be younger in group III (54) and older in group IV (67). The large majority of patients were Caucasians in each group. The stomach was the most frequent site of occurrence of GIST in all four groups, followed by small intestine. There was no significant difference in the GIST primary site among the groups. However, significant difference was observed for tumor size categories (<5, 5-10, and >10 cm) among the groups (P = 0.001).
The number and the type of other primaries diagnosed before and after the diagnosis of GIST is shown in Table 3 and Figure 1 . It was not too surprising to find that prostate (25) and breast cancer (12) were the most common other primaries noticed before the diagnosis of GIST, but cancers of the esophagus (9) and kidney (7) were also found. Interestingly, cancers of the kidney (5) and lung (5) as well as leukemia (4) were the highest among the other primaries that occurred in our patient population after or at the diagnosis of GIST. Thus, 20% of patients with GIST are at risk for additional malignancies. Biopsy of metastatic lesions, particularly if the lesion is atypical in appearance, should be considered as a potential second primary lesion.
survival of patients with GIST and an additional primary malignancy
We next sought to gain an understanding of the clinical outcomes of patients with GIST who also had an additional primary cancer. We divided our GIST patients into the four groups proposed by Duchateau and Stokkel [13] : group I (patients with GIST diagnosed before another malignancy), group II (patients with GIST diagnosed after another malignancy), group III (GIST as the only malignancy), and group IV (patients diagnosed with GIST and more than two other primary tumors).
The 1-, 5-, and 10-year survival rates for group I (patients with GIST as the first malignancy and another in the follow-up period) were 0. It was only those patients with GIST and two or more other cancers who had an inferior overall survival compared with those with GIST alone or GIST plus one other cancer (P = 0.007, Figure 2 ). Additionally, we found no difference in the overall survival whether patients had their GIST diagnosed before or after the other malignancy. Thus, diagnosis of a second malignancy in a patient with GIST does not appear to alter patient survival and should not preclude appropriate therapy for both cancers.
discussion
Although rare, GIST is the most common mesenchymal tumor of the gastrointestinal tract [15] . The recent advent of imatinib has lead to dramatic improvements in long-term survival of patients with GIST [16] . With this increase in survival time, it is not surprising that these patients may have an increased time to develop additional malignant tumors.
In this article, we have used one of the largest single institution-based tumor registries to identify additional cancers in patients with GIST. Surprisingly, 20% of the 783 patients with GIST were identified as having at least one additional malignant tumor, a number much higher than that expected in the general population. This figure is higher than the one reported by Wronski et al. [17] (14%) and Kalender et al. [18] (16%), and this is possibly due to the longer follow-up time in our study, referral bias of a tertiary referral center, or simply a different patient population. In the present study, genitourinary (62; 8% of all patients with GIST) and gastrointestinal (48; 6% of all patients with GIST) carcinomas were the most common additional cancers. However, other studies have reported that the most common GIST-associated malignancies were gastrointestinal carcinomas (47% of all 
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patients with GIST), prostate cancer (9%), lymphoma/leukemia (7%), and breast cancer (7%) and kidney (n = 27; 6%), lung (n = 26; 5%), female genital tract (n = 25; 5%), and carcinoid tumors (n = 13; 3%) [9] . Our clinical experience is that it is unlikely that nearly half of all patients with GIST also have a gastrointestinal carcinoma (JCT, personal communication).
In a different study, Miettinen et al. [11] demonstrated a nonrandom association between GIST and AML. The reason for the high percentage of other malignancies among patients with GIST is unlikely related to imatinib therapy since secondary tumors are observed before imatinib exposure. It is possible that an underlying genetic instability or mismatch repair may lead to mutation in KIT resulting in GIST but also other oncogenes that result in other cancers. This mechanism of cancer predisposition has not been sufficiently evaluated and is currently under investigation. The primary objective of our study was to determine the patient demographics and survival of patients with GIST and additional malignancies. Our analysis of patients diagnosed with GIST over a period of 12 years resulted in the identification of a spectrum of second malignancies that occur in patients before and after their diagnosis with GIST. Thus, surveillance for not only recurrent GIST but also of second malignancies is an important component of the management of patients with GIST. Importantly, the occurrence of two or more other cancers in a patient with GIST appears to be a negative prognostic factor. This may be improved with earlier diagnosis and appropriate treatment of these other cancers.
Although our study was not a case-control design, the occurrence of other malignancies in patients with GIST appears to be more common than what would be expected. Longer follow-up, larger studies, and perhaps a case-control design may help distinguish whether there is a common predisposition syndrome between GIST and other malignancies. Patients with GIST alone appeared to have a trend toward the best overall survival (group III). Patients with GIST and two or more cancers were found to have a statistically significant inferior overall survival (P = 0.007). Patients with GIST as the first malignancy and a subsequent tumor (group I) and patients with another malignancy in their history (group II) had an intermediate survival compared with groups III and IV. GIST, gastrointestinal stromal tumor.
